Abstract-As the traffic load control is very important for the task scheduling in wireless sensor networks, this paper discusses how to design an effective routing algorithm for wireless sensor networks with traffic load constrained. Firstly, internal structure of a sensor node in wireless sensor networks is analyzed. Secondly, how to design an effective traffic load constrained routing algorithm for wireless sensor networks based on the hybrid multi-hop mode is discussed. In the proposed algorithm, the depth potential field and queue length field are defined, and then we integrate them through linear combination. Afterwards, we utilize a structure which is made up of real numbers to represent the chromosomes, and then achieve the traffic load constrained routing decision with based on the genetic algorithm. To avoid traffic congestion, the proposed algorithm can distribute the concentrated traffic to the available neighbor sensor nodes. Finally, simulations are conducted to make performance. Compared with other existing routing algorithm, the proposed can effectively make the routing decision for wireless sensor networks without traffic congestion.
INTRODUCTION
Wireless sensor networks are made up of sensor nodes with the functions of sensing information, data computation, and wireless data transmitting. Particularly, many routing algorithms, power management schemes have been studied for each sensor. Routing algorithms in WSNs may be different according to the application and network structure. Particularly, the routing algorithm in wireless sensor networks can be classified into three classes considering the network topology, which refer to 1) flit, 2) hierarchical, and 3) location-based routing [1] .
In WSNs, sensors can be positioned far from the actual phenomenon. Hence, large sensors which utilize some complex techniques to distinguish the targets from environmental noise are required. A wireless sensor network consists of a large number of sensor nodes, which are densely allocated either inside the phenomenon or very close to it. Particularly, the internal structure of a sensor node in WSNs is shown in Fig. 1 . As the position of sensor nodes could not be determined in advance, random deployment in inaccessible terrains or disaster relief operations is required. Moreover, it shows that wireless sensor networks related algorithms should have the capabilities of possess self-organizing [2] [3] .
Routing in WSNs is a hard problem in the field of network researches, the reasons lie in that the inherent characteristics which distinguish these networks from other wireless networks like mobile ad hoc networks or cellular networks [4] [5] . Furthermore, sensor nodes in WSNs are usually stationary after deployment except for maybe a few mobile sensor nodes. Particularly, it is possible that there are some redundancy data in WSNs, and effective routing protocols should be designed to improve energy and bandwidth utilization for WSNs [6] [7] [8] .
Based on the above analysis, in this paper, we proposed a novel traffic load constrained routing algorithm for wireless sensor networks, which can achieve longer wireless sensor networks' lifetime.
The main innovations of this paper lie in the following aspects:
(1) The proposed algorithm defines the depth potential field and queue length field, and then integrates them with a linear combination equation.
(2) A structure composed of real numbers to represent the chromosomes is utilized, and the routing decision with traffic load constrained can be obtained by the genetic algorithm.
(3) When an event happens, the sensing rates from the terminal sensor nodes are increased to get the more accurate information.
(4) To avoid traffic congestion, the proposed algorithm distributes the concentrated traffic into the available neighbor sensor nodes.
The rest of the paper is organized as the following sections. Section 2 introduces the related works. Section 3 illustrates the proposed algorithm for Traffic load constrained routing in WSNs. In section 4, the simulation and performance evaluation are given. Finally, we conclude the whole paper in section 5. 
II. RELATED WORKS
Routing algorithm design is of great importance in wireless sensor networks, and there are several related works in recent years [9] [10] [11] [12] [13] . In the following section, some typical research works are listed.
Sutagundar et al. proposed a Wheel based Event Triggered data aggregation and routing (WETdar) scheme in Wireless Sensor Networks (WSNs) by employing a set of static and mobile agents. A wheel with spokes is constructed by WSN nodes around an event node (a sensor node where an event occurs). Gathering and aggregation of the information is performed along the spokes of a wheel in Spoke Aggregator (SA) nodes and sent to an event node, which routes to a sink node [14] .
Shang et al. proposed a multi-hop routing algorithm based on integrated metrics (MRIM) for wireless sensor networks by research current routing algorithms. The core of MRIM has two parts as following. Firstly, a clustering algorithm based on time delay (CATD) was presented. Secondly, the algorithm of the CATD is improved in cluster data transmission phase after the cluster heads are selected, called MRIM, which can be used in large scale [15] .
Sha et al. provided a survey of the state-of-the-art of proposed multipath routing protocols for WSNs, which are classified into three categories, infrastructure based, non-infrastructure based and coding based, based on the special techniques used in building multiple paths and delivering sensing data. For each category, the authors studied the design of protocols, analyzed the tradeoff of each design, and overviewed several representing protocols [16] .
Sha et al. studied the influence of the features of the propagation channel in the performance of energyefficient routing algorithms for wireless sensor networks. Considering that the propagation channel may affect the efficiency of the different energy-efficient routing algorithms, different propagation scenarios are proposed in this work, from the most simplistic free-space propagation model to more complex ones [17] .
Lu et al. proposed a distributed data fusion routing (D2F) algorithm, which is designed for deploying distributed data fusion application in wireless sensor networks. D2F can find the optimal route path and fusion placements for a given data fusion tree, which obtains the optimal energy consumption for in-network data fusion. D2F can also handle different link failures and maintain the optimality of energy cost of data fusion by adapting to the dynamic change of network [18] .
Chi et al. presented a grid-based routing scheme known as TRENS. First, the authors addressed the issue of the WSN comprising multiple mobile targets and observers-with TRENS being the first scheme of its kind to use tracking technology to increase the efficiency of routing procedures in the context of dynamic topology. Next, they introduced a shortcutting approach to resolve energy issues by optimizing routing paths and thus decreasing communication costs and latency [19] .
Wang et al. proposed a distributed geographic Kanycast routing (GKAR) protocol for WSNs, which can efficiently route data from a source sensor to any K destinations. To guarantee K-delivery, an iterative approach is adopted in GKAR where in each round, GKAR will determine not only the next hops at each node [22] .
Particularly, the traffic load control is very important for wireless sensor networks task scheduling. Next, the related research works about wireless sensor networks with traffic load constrained are listed as follows.
Kateretse et al. proposed a differentiated traffic and scheduling scheme for WBAN. It is based on patients' data classification and prioritization according to their current status and diseases. Through queue scheduling and path choice issues, the urgent data are delivered on time to provide a QoS guarantee for WBAN. Finally, it is shown that the proposed scheme is efficient for timely data transfer in WBAN [23] .
Chakraborty et al. presented a probabilistic model for estimating the network lifetime of a sensor network. The traffic generation model is designed for irregular surfaces while combining the Elfes sensing model and event generation model. A discrete radio model is considered in this paper for better energy efficiency [24] . Other typical related works about the traffic load control is given in Paper [25] , [26] and [27] .
III. THE PROPOSED ALGORITHM

A. Overview of the Wireless Sensor Networks Routing Problem
In this section, structure of wireless sensor networks is illustrated in advance. As is shown in Fig. 2 , the structure of wireless sensor networks is made up of three kinds of nodes, including 1) sensor node, 2) sink node and 3) source node. Packets are transmitted from source nodes to sink nodes. Afterwards, the packets are transmitted to base station. Finally, the users can obtain the information collected from the wireless sensor networks from Internet [20] [21] .
Considering the number of sensor nodes in the sensing area is much smaller than the nodes that are outside the sensing field, hence, the amount of data generated by the nodes in the sensing field is negligible as compared to the data flowing to the sensing field from outside. Therefore, the energy consumption in the sensing field is due to relaying the data which came from outside the sensing field. In addition, to decrease the energy consumption of the whole wireless sensor networks, the data flowing between it and the sink node should be controlled as well. As is shown in Fig. 3 , illustration of hybrid multi-hop routing mode is given. For this mode, a hierarchical multi-hop routing algorithm can be implemented to decrease the inflow of data flowing to the target, and then utilize a flat multi-hop routing algorithm inside the sensing area to decrease the average transmission distance between sensor nodes. In this mode, the information packets could be transmitted from sensor nodes to low level sink nodes, and then transmitted to the high level sink node. In the next sub-section, we will discuss how to design an effective traffic load constrained routing algorithm for wireless sensor networks based on the above hybrid multi-hop routing mode.
B. Traffic Load Constrained Routing Algorithm
To illustrate the proposed algorithm, some important definitions should be explained in advance. Queue length field is defined to avoid a hotspot which is identified by a large queue, therefore, the value of potential of the particular sensor ( c ) should be added.
The formal description of the queue length field is represented as follows.
(
where the function () Based on the above two definitions, the queue length field can implement an effective routing algorithm with traffic load constrained. Next, how to integrate these two definitions is of great importance in our algorithm. In our algorithm, these two definitions are combined as follows.
(   is satisfied. Hence, the combined force can be represented as follows.
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Before illustrate the proposed algorithm, the representations of chromosomes should be explained at first. We use a structure composed of real numbers to represent the chromosomes. Fig. 4 demonstrates the structure of the chromosomes we used.
The proposed routing algorithm can control the network traffic through adjusting the network's topology. Next, the fitness function we used is defined as follows. f w v , which can determine the routing scheme.
Step 1: Obtained the feature vector 
IV. SIMULATION AND PERFORMANCE EVALUATION
A. Simulation Settings
In this sub-section, we will illustrate the simulation settings in detail. There are 1200 sensor nodes and 75 sink nodes, which are distributed in the 120m*120m area. Particularly, all the sensors are organized in a hierarchical structure, and the radio wave range is 7.5 m. The detailed simulation configuration is summarized in Table 1 .
B. Simulation Results and Analysis
In this experiment, we evaluated the proposed algorithm with other methods under the metrics of the effectiveness and the fairness. Furthermore, the distribution of power consumption in wireless sensor networks is measured as well. The first method we compared is name CODA (Congestion Detection and Avoidance in Sensor Network) which proposed two cases to detect the traffic congestion phenomenon [28] . The second approach is named MINT, which is a traditional routing protocol utilized in the TinyOS [29] . As is shown in Fig. 5 , transmission effectiveness is used to make performance evaluation, and the effectiveness refers to the ratio of the hops of the total packets received in the sink node to the number of packets transmitted from all sensor nodes. Particularly, low effectiveness represents if sensor nodes transmit many data packets, the packet reception rate of the sink node is low. Furthermore, the high effectiveness is an important requirement for the long lifetime of wireless sensor networks. From Fig. 5 , we can see the transmission effectiveness of the proposed algorithm is only next to CODA, and is superior to MINT. For the performance in transmission effectiveness, the proposed algorithm is not better than CODA. However, the time cost and power consumption of our algorithm is obviously less than CODA. Afterwards, packet loss with time varying is tested in Fig. 6 , in which the metric of packet loss is used. In this experiment, MINT performs the worst, and CODA decreases the sensing rate of the terminal sensor nodes when the traffic congestion occurs. Utilizing the proposed 1  13  25  37  49  61  73  85  97  109  121  133  145  157  169  181  193  205  217  229  241  253  265  277  289  301  313  325  337  349  361  373  385 Afterwards, received packets number in the sink node is evaluated. Fig. 7 illustrates the number of packets received in the sink node, and utilizing the proposed algorithm the sink node can receive more packets than other two methods. It can be seen that the proposed algorithm can make full use of resource and transfer data reliably in wireless sensor networks.
Next, we evaluate the fairness of sensors utilized in the high level of the location where the events happened in the routing tree (see Fig. 8 ). As the proposed algorithm can effectively distribute the data traffic to its close sensors, the proposed algorithm has higher fairness value. However, although the proposed algorithm has a better fairness value compared to other two methods, the performance of our algorithm is not satisfied yet. Combining the experimental results in the metric of "transmission effectiveness", "packet loss", "received packets number" and "fairness", we can know that the overall performance of the proposed algorithm is better than CODA and MINT, and it can provide an effective routing scheme for the hybrid multi-hop wireless sensor networks. From the above experimental results, it can be seen that the proposed algorithm is superior to other methods. The main reasons lie in the following aspects:
(1) A sink node can detect input data traffic to find traffic congestion. If the traffic congestion is detected, the sink node can make use of ACK messages to lower the value of data sensing rates. However, the sink nodes in CODA can not obtain enough information of the events, and the reason lies in that the data sensing rate is reduced.
(2) As the specific sensor nodes in a routing path suffer from the network traffic, MINT algorithm generates queue overflows continuously. Particularly, in the MINT algorithm, the energy consumption is disproportionate across entire wireless sensor networks.
(3) The proposed algorithm defines the depth potential field and queue length field, and then integrates them with linear combination. Afterwards, we utilize a structure composed of real numbers to represent the chromosomes, and then make the routing decision with traffic load constrained based on the genetic algorithm.
(4) In the proposed routing algorithm, when an event happens, the sensing rates from the terminal sensor nodes are increased to get the more accurate information. On the other hand, the proposed algorithm can distribute the concentrated traffic into the available neighbor sensor nodes. Hence, the traffic congestion can be effectively avoided.
(5) In the proposed algorithm, the concept of "Depth potential field" is defined to make each packet flow toward the sink node, and then the basic routing function is provided. A new parameter to demonstrate the depth of the sensor node is given, and a number representing the radio link cost is defined as well.
(6) The concept of "Queue length field" is further defined to avoid a hotspot which is identified by a large queue. Therefore, the value of potential of the particular sensor could be added in our works. Moreover, the queue length potential force between two sensors can be calculated.
(7) In this paper, a group of initial function for each individual in the genetic algorithm is randomly chosen, and then they are organized into a tree-based structure.
V. CONCLUSIONS
In this paper, a traffic load constrained routing algorithm for wireless sensor networks is given. Particularly, we concentrate on the multi-hop wireless sensor networks. The depth potential field and queue length field are defined in our algorithm, and they are combined by a linear combination equation. Next, we deisgn a structure which is made up of real numbers to represent the chromosomes, and then the traffic load constrained routing decision with based on the genetic algorithm can be obtained. Particularly, in order to effectively control network traffic, the proposed algorithm can allocate the concentrated traffic flow to other available close sensor nodes.
